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ABSTRACT:
PROBLEM TO BE SOLVED: To obtain a steel stock for gear, minimal in strain, by
specifying a chemical composition and a structure, respectively.

SOLUTION: This steel stock has a composition which consists df}“bi}weight, 0.10-
0.35% C,.0.01-2.5% Si, 0.20-2.50% Mn, 0.01-2.50% Cr~ 0.01-2.5% Al, and the balance
iron and satisfies Si+Al=0.5 to 2.6% and in which Ac3, represented by equation I,
and DI, represented by equation II, are regulated to 850-960°C and 30-250mm,
respectively. The steel stock is carburized at 850-1,000°C, hardened at 800-950°C,
and tempered, by which the noncarburized zone is provided with dual-phase structure
consisting of martensite containing 10-70area% ferrite. Further, one or more kinds
selected from a first group consisting of 0.01-0.70% Mo, 0.01-2.0% Ni, 0.01-0.70%
and C.01-1.0% V and/or a second group consisting of 0.005-1.0% Ti, 0.005-0.50%

and 0.005-0.50% 2r can be added to this steel. Moreover, Mo and Ni can be
and Al can be moved to the

It is desirable to

Nb,
eliminated, Si content can be changed to 0.50-2.5%,
second group and Al content can be changed to 0.005-2.0%.

regulate DI to 30-150mm.
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* NOTICES *

JPO and NCIPI are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.**** shows the word which can not be translated.

3.In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1]

C :0.10-0.35wt.%, Si:0.01 - 2.5 wt.%, Mn: 0.20-2.50wt.%, aluminum:0.01 - 2.5 wt.%, And contain
Cr:0.01 - 2.50wt.% and the relation of Si+aluminum:0.5 - 2.6 wt.% is filled. Remainder: It has the

chemical entity presentation which consists of iron and an unescapable impurity, and, moreover, is
following (1). Formula: Ac3 =920-203 rootC+44.7Si+31.5Mo-30Mn-11Cr+40aluminum-

15.2nickel+13.1W+104V+40Ti ------------ (1) Ac3 computed A point parameter is within the limits of
850 - 960 **, and it is following (2). Formula: DI=7.95 rootC (1+2.16Cr) (1+3.0Mo) (1+0.36nickel)
(1+5.0V) (1+0.708i) (1+3.3Mn) -=---=rm-m=- (2) Ideal critical diameter computed (DI) 30-250mm It is the

_ steel materials which have the chemical entity presentation in within the limits, and carburization
processing is performed by within the limits with a temperature of 850-1000 degrees C to said steel
materials. Subsequently Hardening processing is performed by within the limits with a temperature of
800-950 degrees C. Subsequently The steel materials for low distortion mold carburization hardening
gearings with which tempering processing is performed and the organization of the non-carburizing
section of said steel materials obtained by doing in this way is characterized by 10-70 area % Being the
two phase organization which consists of included martensite about a ferrite.

[Claim 2] Group:Mo:0.01-0.70wt.% which consists of a following chemical entity presentation,
nickel:0.01 - 2.0 wt.%, W : 0.01-0.70wt.% and V : Steel materials for low distortion mold carburization
hardening gearings according to claim 1 which add further at least one element chosen from 0.01 - 1.0

~ wt.%, and contain it. -

[Claim 3] The steel materials for low distortion mold carburization hardening gearings according to
claim 1 which add further at least one element chosen from group:Ti:0.005 which consists of a
following chemical entity presentation - 1.0 wt.%, Nb:0.005 - 0.50wt.%, and Zr:0.005 - 0.50wt.%, and
contain it. ' ' '

[Claim 4] Group:Mo:0.01-0.70wt.% which consists of a following chemical entity presentation, nickel:
0.01 - 2.0 wt.%, W : 0.01-0.70wt.%, And V : At least one element chosen from 0.01 - 1.0 wt.%,
Group:Ti:0.005 - 1.0 wt.% which becomes a list from the following chemical entity presentation, Nb:
The steel materials for low distortion mold carburization hardening gearings according to claim 1 which
add further at least one element chosen from 0.005 - 0.50wt.% and Zr:0.005 - 0.50wt.%, and contain it.
[Claim 5] C :0.10-0.35wt.%, Si:0.50 - 2.5 wt.%, Mn:0.20-2.50wt.% and Cr:0.01 - 2.50wt.% are
contained. Remainder: It has the chemical entity presentation which consists of iron and an unescapable
impurity, and, moreover, is following (1). Formula: Ac3 =920-203 rootC+44.7Si+31.5Mo-30Mn-

11Cr+40aluminum-15.2nickel+13.1W+104V+40Ti ~-==sne-emev (1) Ac3 computed A point parameter is
within the limits of 850 - 960 **. Following (2) Formula: DI =7.95 rootC (1+2.16Cr) (1+3.0Mo)
(1+0.36nickel) (1+5.0V) (1+0.70Si) (1+3.3Mn) ---==-o-ec-- Ideal critical diameter computed by (2) (DI)

30-250mm It is the steel materials which have the chemical entity presentation in within the limits, and
carburization processing is performed by within the limits with a temperature of 850-1000 degrees C to
said steel materials. Subsequently Hardening processing is performed by within the limits with a
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temperature of 800-950 degrees C. Subsequently The steel materials for low distortion mold
carburization hardening gearings with which tempering processing is performed and the organization of
the non-carburizing section of said steel materials obtained by doing in this way is characterized by 10-
70 area % Being the two phase organization which consists of included martensite about a ferrite.
[Claim 6] Group:W which consists of a following chemical entity presentatlon 0.01-0.70wt.% and V :
Steel materials for low distortion mold carburization hardening gearings according to claim 5 which add
further at least one element chosen from 0.01 - 1.0 wt.%, and contain it.

[Claim 7] The steel materials for low distortion mold carburization hardening gearings according to
claim 5 which add further at least one element chosen from group:aluminum:0.005 which consists of a
following chemical entity presentation - 2.0 wt.%, T1:0.005 - 1 0 wt.%, Nb:0.005 - 0.50wt.%, and
Zr:0.005 - 0.50wt.%, and contain it.

[Claim 8] Group:W which consists of a following chemical entity presentation : 0.01-0.70wt.%, And. V :
At least one element chosen from.0.01 - 1.0 wt.%, Group:aluminum:0.005 - 2.0 wt.% which becomes a
list from the following chemical entity presentation, Ti: The steel materials for low distortion mold
carburization hardening gearings according to claim 5 which add further at least one element chosen
from 0.005 - 1.0 wt.%, Nb:0.005 - 0.50wt.%, and Zr:0.005 - 0.50wt.%, and contain it.

[Claim 9] Said ideal critical diameter (DI) Steel materials for low distortion mold carburization
hardening gearings of any one publication in claim 1 - claim 4 which are within the limits of 30 - 150
mm. .

[Claim 10] Said ideal critical diameter (DI) Steel materials for low distortion mold carburization
hardening gearings of any one publication in claim 5 - claim 8 which are within the limits of 30 - 150
mm. :

[Translation done.]
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* NOTICES *

JPO and NCIPI are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely. .

2.*%*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]
[Field of the Invention] This invention relates to the steel materials for low distortion mold carburization

hardening gearings with the very small amount of distortion suitable as steel materials for gearings, such
as an automobile, a construction equipment, and an industrial machine, at the time of carburization

hardening.

[0002] '
[Description of the Prior Art] For example, although it sets in the latest automobile and the silence at the

time of operation is improving remarkably, the noise arises at the time of operation. This is based on the
gear noise generated mainly from a gearing. A gear noise is generated according to the fault of
engagement of a gearing, and such fault of engagement of a gearing is generated as a result of distortion
produced when carburization hardening or carbonitriding hardening (it is hereafter named carburization
hardening generically) processing is performed to the gearing half-finished products fabricated by the
predetermined configuration, in order to harden the front face.

[0003] That is, since it cannot avoid that distortion arises in steel materials since the stress resulting

from the cubical expansion produced when metamorphosing into martensitic structure from the
transformation stress by generation of martensite, i.e., an austenite texture, occurs, consequently a
gearing's dimensional accuracy cannot be highly maintained at the time of carburization hardening to the
steel materials for gearings, a gear noise occurs. Especially, although there is a very severe limit to the
‘noise in the gear for transmission of an automobile, since it is a martensite subject's organization in
which the organization inside a gear contains a part of bainite since [ that the configuration is small and ]
thickness is thin, it is easy to produce distortion at the time of carburization hardening, and this causes

[ of the gearing noise / greatest ] generating. , ,

[0004] Then, in order to aim at improvement in a gearing's dimensional accuracy, machine cutting of the
gearing half product by which carburization hardening was carried out is carried out, a carburization -
layer is removed partially, and there is a method of performing profile modification processing which
reduces the amount of hardening distortion. However, not only productivity falls sharply, but [ when a
production process increases, ] in the profile modification by such machine grinding, in a manufacturing
cost's soaring sharply by the machine grinding process, since unevenness arises in surface hardness or
residual stress, there is a problem from on quality.

[0005] From the point mentioned above, to reduce hardening distortion for the improvement in
dimensional accuracy of a gearing half product by which the steel materials for gearings are used after
carburization hardening in many cases, without performing profile modification processing, therefore
carburization hardening was carried out is needed. Such an amount of carburization hardening distortion
is greatly influenced by the hardenability of steel materials. Furthermore, since carburization hardening
is usually performed at the elevated temperature of about 920 **, it is also set to one of the distortion
generating causes for austenite crystal grain to make it big and rough during carburization. Furthermore,
recently, in order to shorten carburization time amount and to raise productivity, carburization

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/17/05
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temperature is raised and the approach of also raising hardening temperature in connection with this is
tried. :

[0006] About the approach of reducing the amount of hardening distortion of the steel materials for
gearings The method of controlling within the limits of [ narrow ] specification [ the chemical entity
presentation of steel materials ], and suppressing hardenability low so that various researches may be
made from the former, for example, hardenability may become the minimum of a JOMI knee band is
learned. Moreover, JP,4-247848. A, JP,59-123743,A, etc. In order to control coarsening under
carburization and incubation, the approach (henceforth the advanced technology 1) of adjusting crystal
grain minutely into steel by carrying out proper amount addition of the grain-refining elements, such as
aluminum, Ti, and Nb, is indicated.

[0007] moreover, JP,5-70925,A -- Si, Mn, Cr, Mo, and V etc. -- after performing carbonitriding
processing to the gearing half product which consists of steel which limited the chemical entity
presentation to the specific range, this is cooled to the temperature region of the 1 or less transformation
point of Ar(s) of the gear-tooth surface section (hereafter the same), i.e., the carbonitriding section. In
the 3 or more transformation point of Ar(s) of the gear-tooth surface section, subsequently, and by

" holding in the temperature region which is the 1 or less transformation point of Ar(s) inside a gear tooth
(i.e., the non-carburizing section) (it is the same hereafter) The interior of a gear tooth is made into a
detailed ferrite pearlite, maintaining the gear-tooth surface section at an austenite condition.
Subsequently How to maintain close [ of baking of the interior of a gear tooth which used the
carbonitriding section of the gear-tooth surface section as martensite, and has already ended the
transformation by hardening and annealing ] to the ferrite and fine pearlite which are not (henceforth the
advanced technology 2) It is indicated. The outline perspective view which explains a gearing's interior
of a gear tooth, the gear-tooth surface section, and gearing core part to drawing 5 is shown.

[0008] moreover -- for example, JP,3-260048,A is tough -- a truck -- the approach (henceforth the
advanced technology 3) of aiming at reduction of heat treatment distortion by the nitriding treatment
performed at low temperature, such as id, and gas nitriding, gas soft nitriding, is indicated.

[0009]

[Problem(s) to be Solved by the Invention] However, there is the following problem in each advanced
technology mentioned above. Since the advanced technology 1 can control coarsening under
carburization and incubation by adjusting crystal grain minutely, it can make small variation in the -
hardening distortion in the interior of a gear tooth, and has the advantage that hardening distortion can
be equalized. However, the advanced technology 1 has a limitation in controlling generating of the
distortion accompanying a martensitic transformation, and it has the problem that distortion cannot be
made small enough.

[0010] The advanced technology 2 has the advantage that the hardening distortion by the cubical
expansion accompanying martensite generating is mitigable, by making the interior of a gear tooth a
ferrite pearlite organization. However, since the interior of a gear tooth, i.e., the non-carburizing section,
is a ferrite pearlite organization, the advanced technology 2 is difficult to secure sufficient toughness,
and has the problem of it not only checking productivity, but it becoming complicated heat treatment
operating it and becoming cost quantity since heat treatment temperature must be managed strictly.
[0011] Since the advanced technology 3 can obtain the hard facing layer which has good abrasion
resistance since a hard nitride layer can be made to form in a front face and processes it in the low-
temperature region which is 500-700 degrees C, it has the advantage that deformation of processing
components is small. However, since the advanced technology 3 has the shallow hardening layer depth
and the nitriding treatment of the long duration which reaches for obtaining sufficient hardening layer
also in 50 - 100 hours is required, it not only checks productivity, but it has the fault of becoming cost
quantity. _

[0012] Therefore, the purpose of this invention solves the problem mentioned above, and carries out the
usual efficient carburization processing. The yield of the distortion after carrying out hardening and
tempering processing is very small, and it follows. It is in offering the steel for low distortion mold
carburization hardening gearings which a gearing with high dimensional accuracy is obtained,
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a

consequently a gear noise does not generate at the time of use and which can heat-treat easily and
efficiently and can manufacture gearings, such as an automobile, a construction equipment, and an
industrial machine, economically. '

[0013]
[Means for Solving the Problem] this invention person etc. acquired the following knowledge, as a result

of repeating research wholeheartedly that the problem mentioned above should be solved.

[0014] Since the key factor child who affects the amount of carburization hardening distortion of the
steel materials for gearings was in distortion resulting from the cubical expansion produced when an
austenite texture metamorphoses into martensitic structure, the amount of hardening distortion found out
decreasing dramatically by this invention person's etc. making a ferrite intermingled 10 to 70% in an
austenite texture at the time of heating before hardening, and considering the organization after
carburization hardening as a ferrite martensite two phase organization.

[0015] In this invention, it is also one of the important targets to offer the steel materials which can
manufacture a gearing on the heat treatment conditions of easy and economical carburization hardening.
And it is indispensable requirements that the steel materials of this invention become the organization in
which a ferrite is intermingled in martensitic structure with carburization hardening. Therefore, Ac3 of
the steel materials of this invention The temperature of transformation needs to be higher than the usual
carburization hardening temperature field. : v

[0016] then, inside Si, Mn, Cr, Mo, aluminum, and V of steel etc. -- by limiting the content of these
elements proper, as a result of considering in a detail the effect affect the Ac3 transformation
temperature of an element Since the interior of a gear tooth, i.e., the non-carburizing section, is
strengthened and the fatigue strength of the gear-tooth surface section improves by obtaining a ferrite
martensite two phase organization easily also on the usual carburization conditions, and carrying out
proper amount addition of the ferrite strengthening element The knowledge of the ability to reduce the
amount of hardening distortion dramatically was carried out without reducing the fatigue strength of a
deddendum.

[0017] The steel materials for low distortion mold carburization hardening gearings according to claim 1
among this inventions It is made based on the above-mentioned knowledge. C:0.10-0.35wt.%, Si: 0.01 -
2.5 wt.%, Mn:0.20-2.50wt.%, aluminum:0.01 - 2.5 wt.% and Cr:0.01 - 2.50wt.% are contained. And fill
the relation of Si+aluminum:0.5 - 2.6 wt.% and it has the chemical entity presentation which consists of
remainder:iron and an unescapable impurity. And following (1) Ac3 computed by the formula A point
parameter It is within the limits of 850 - 960 **, and is following (2). Ideal critical diameter computed
by the formula (DI) 30-250mm Are the steel materials which have the chemical entity presentation in
within the limits, and the above-mentioned steel materials are received. Carburization processing is
performed by within the limits with a temperature of 850-1000 degrees C, and, subsequently hardening
processing is performed by within the limits with @ temperature of 800-950 degrees C. Subsequently 10-
70 area % Tempering processing is performed and the organization of the non-carburizing section of the
above-mentioned Steel materials obtained by doing in this way has the description for a ferrite for him to
be the two phase organization which consists of included martensite. In addition, it sets to this invention
and is Ac3 by following the (1) type and (2) types. A point parameter and ideal critical diameter (DI)
Although there is a term concerning a predetermined component element in the right-hand side of (1)
type and (2) types when computing The content of nickel, Mo, W, V, and Ti which are the component
element which does not have limitation about a chemical entity presentation shall be calculated noting
that it is O (zero). Hereafter, suppose that it is the same as that of this also about invention according to
claim 2 to 10. Moreover, suppose that it is the same as that of this also about the comparison steel in the
example mentioned later, and the conventional steel. :

Ac3 =920-203 rootC+44.7Si+31.5Mo-30Mn-11Cr+40aluminum-15.2nickel+13.1W+104V+40Ti --------
---- (1) DI =7.95 rootC (1+2.16Cr) (1+3.0Mo) (1+0.36nickel) (1+5.0V) (1+0.708i) (1+3.3Mn) -----------
- (2) [0018] To the chemical entity presentation of the steel materials for gearings of invention indicated
by claim 1, moreover, further Mo: 0.01-0.70wt.%, nickel:0.01 - 2.0 wt.%, W: What has the description
to add and contain at least one element chosen from the group which consists of 0.01-0.70wt.%, and
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-V:0.01 - 1.0 wt.%, To invention indicated by claim 1, further Ti:0.005 - 1.0 wt.%, Nb: What has the
description to add and contain at least one element chosen from the group which consists of 0.005 -
0.50wt.% and Zr:0.005 - 0.50wt.%, To invention indicated by claim 1, further Or M0:0.01-0.70wt.%,
nickel: 0.01 - 2.0 wt.%, W:0.01-0.70wt.%, And at least one element chosen from the group which
consists of V:0.01 - 1.0 wt.%, In a list, Ti:0.005 - 1.0 wt.%, Nb:0.005 - 0.50wt.%, And if it is in the
thing and ******** which have the description to add and contain at least one element chosen from the
group which consists of Zr:0.005 - 0.50wt.%, it is much more desirable.

[0019] The steel materials for low distortion mold carburization hardening gearings according to claim 5
are also made among this inventions based on the above-mentioned knowledge. C: 0.10-0.35wt.%,
Si:0.50 - 2.5 wt.%, Mn:0.20-2.50wt.% and Cr:0.01 - 2.50wt.% are contained. It has the chemical entity
presentation which consists of iron and an unescapable impurity. Remainder : moreover Above (1) Ac3
computed by the formula A point parameter is within the limits of 850 - 960 **. Above (2) Ideal critical
diameter computed by the formula (DI) 30-250mm It is the steel materials which have the chemical
entity presentation in within the limits, and carburization processing is performed by within the limits
with a temperature of 850-1000 degrees C to the above-mentioned steel materials. Subsequently 10-70
area % Hardening processing is performed by within the limits with a temperature of 800-950 degrees .
C, and subsequently tempering processing is performed, and the organization of the non-carburizing
section of the above-mentioned steel materials obtained by doing in this way has the description for a
ferrite for him to be the two phase organization which consists of included martensite. -

[0020] To the chemical entity presentation of the steel materials for gearings of invention indicated by
claim'5, moreover, further ** What has the description to add and contain at least one element chosen
from the group which consists of W:0.01-0.70wt.%, and V:0.01 - 1.0 wt.%, To invention indicated by
claim 5, further ** aluminum:0.005 - 2.0 wt.%, Ti: 0.005 - 1.0 wt.%, Nb:0.005 - 0.50wt.%, And the.
thing which has the description to add and contain at least one element chosen from the group which
consists of Zr:0.005 - 0.50wt.%, To invention indicated by ** claim 5, further Or W:0.01-0.70wt.%,
And at least one element chosen from the group which consists of V:0.01 - 1.0 wt.%, In a list,
aluminum:0.005 - 2.0 wt.%, Ti:0.005 - 1.0 wt.%, Nb: If it is in the thing and ******** which have the
description to add and contain at least one element chosen from the group which consists of 0.005 -
0.50wt.% and Zr:0.005 - 0.50wt.%, it is much more desirable.

[0021]

[Embodiment of the Invention] aluminum, Ti, and W which raise Ac3 transformation temperature to Si,
Mo and V which are the element which according to this invention raises Ac3 transformation
temperature and raises hardenability, and a list By making a content increase When it can consider as a
ferrite martensite two phase organization easily by carburization hardening processing and a ferrite
absorbs the expansion distortion of martensite, the amount of hardening distortion decreases sharply and
it is the core part (henceforth a "gearing core part") of the gearing at the time of hardening further. Since
the hardness of referring to drawing 5 is also fully securable, the fatigue strength which does not have
steel and inferiority conventionally is obtained.

[0022] Moreover, in the gearing of an automobile, although shot-peening processing is performed for
the purpose of improvement in deddendum fatigue strength in many cases, since according to this
invention steel materials formation of a surface grain boundary oxidizing zone is controlled and a poor
hardening organization does not occur, when shot-peening processing is performed, deddendum fatigue
strength increases, without surface roughness detenoratmg Furthermore, Si, Mo, W, and V Resmtance
to temper softemng increases and field fatigue strength improves.

[0023] Thus, in this invention, the chemical entity element with which each element in steel materials
should contain the various operation effectiveness in exertion sushi and stee] materials consists of an
indispensable component and a selection component. And the selection component was divided into two
groups. Since it was made the 1st group since it was common on the hardening disposition among the
operation effectiveness of W and V as a selection component, and it was common in hardening
distortion control according aluminum, Ti, Nb, and Zr to grain refining, it was made the 2nd group.
[0024] Next, the reason which limited the chemical entity presentation of the steel materials for
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carburization hardening gearings of this invention within limits mentioned above is explained below.

(1) It is a fundamental element required when guaranteeing the reinforcement of the gearing core part by
carburization hardening, carbon (C) carbon needs to contain more than 0.10 wt.%, in order to
demonstrate the operation, and since under 0.10 wt.% takes long duration to it in order to obtain
effective carburized case depth, it is industrially improper. However, if a carbon content exceeds 0.35
wt.%, degradation of toughness and the fall of machinability will be caused. Therefore, the carbon
content should be limited to 0.10 - 0.35% of within the limits. .

[0025] In this invention, by invention claims 1-4 and given in nine, and invention claims 5-8 and given
in ten, although the chemical entity presentation of silicon and aluminum was overlapped partly,
presentation range which is different in other parts was limited. In each operation effectiveness of the
silicon in this invention, and aluminum, since this applied a different description part, although partly
overlapped based on this, it is because it is necessary to limit presentation range which is different in -
other parts.

[0026] (2) Describe the lower limit of a silicone content at the beginning of silicon (Si). In invention
claims 1-4 and given in nine, silicon is an element which carries out an operation important-as a
deoxidizer, for that, the addition more than 0.01wt.% is needed, and further, in order to control advance
of the grain boundary oxidation on the front face of a gearing in carburization processing, it needs more
than 0.50wt(s).% by the sum (aluminum+Si content) of an aluminum content and a silicone content (it
mentions later). The cause of advance of grain boundary oxidation of carburization processing here is
because it cannot prevent that the above-mentioned minute amount oxygen invades to the deep-part of
steel materials by combining with the minute amount oxygen which exists unescapable in carburization
gas at the time of carburization processing. In this case, grain boundary oxidation becomes remarkably
deep and causes the fall of a gearing's deddendum fatigue strength. On the other hand, invention claims
5-8 and given in ten is the case where control the fall of the deddendum fatigue strength by advance of
the above-mentioned grain boundary oxidation by the silicon independent, and it is made into **, and,
for that, under 0.50wt(s).% of a silicone content is inadequate [ invention ]. However, it is the case
where the minimum of a Si+aluminum content is not limited. On the other hand, silicon is a ferrite
formation element and is a comparatively cheap element effective in raising an Ac3 transformation point
and. Furthermore, resistance to temper softening is increased and field fatigue strength is raised.
However, when a silicone content becomes superfluous exceeding 2.5wt(s).%, a ferrite content increases
too much and it is reinforcement and toughness not only falling but SiO2. The fall of fatigue strength is
conversely caused as a result of the increment of nonmetallic inclusion of a system. therefore -- if a
silicone content is not made below into 2.5wt.% -- 7 -- it is -- ** By the above, in invention claims 1-4
and given in nine, the silicone content should be limited within the limits of 0.01 - 2.5wt.%, and, on the
other hand, the silicone content should be limited within the limits of 0.50 - 2.5wt.% in invention claims
5-8 and given in ten. ‘

[0027] (3) Combine with nitrogen and aluminum (aluminum) aluminum is AIN. When making
distortion at the time of hardening small by generating and making crystal grain make it detailed, it is an
element effective in raising toughness and fatigue strength. For this reason, in invention claims 1-4 and
given in nine, the lower limit of a required aluminum content is more than 0.01wt.%; and, on the other
hand, is more than 0.005wt.% in invention claims 5-8 and given in ten. Thus, since the reason as which
a more nearly little [ aluminum / set / it / to invention claims 5-8 and given in ten ] content is sufficient
limits the minimum of a silicone content to many eyes rather than more than 0.50wt(s).% and the case
(more than 0.01wt.%) of invention claims 1-4 and given in nine, and aluminum is consumed by grain
boundary oxidation which this silicon mentioned above and it protects **, it is because there may be
only few those parts. Moreover, aluminum is a ferrite formation element as well as silicon, and can raise
an Ac3 transformation point greatly economically. However, if an aluminum content becomes abundant
exceeding the specified quantity, alumina system inclusion will increase and the fall of toughness and
fatigue strength will be caused. In invention claims 1-4 and given in nine, the value of this specified
quantity is 2.5wt.%, and, on the other hand, is 2.0wt.% in invention claims 5-8 and given in ten. thus --
since the reason as which a more nearly little [ aluminum / set / it / to invention claims 5-8 and given in
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ten ] content is sufficient limits the minimum of a silicone content to many eyes rather than more than
0.50wt(s).% and the case (more than 0.01wt.%) of invention claims 1-4 and given in nine -- ** - it is
because it may be few. By the above, in invention claims 1-4 and given in nine, the aluminum content
should be limited within the limits of 0.01 - 2.5wt.%, and, on the other hand, the aluminum content
should be limited within the limits of 0.005 - 2.0wt.% in invention claims 5-8 and given in ten.
Moreover, in using silicon and aluminum together, in order to secure the detergency of steel, and
toughness, as for the total amount, regulating below to 2.6wt(s).% is desirable.

[0028] (4) In invention of (Silicon Si) + aluminum (aluminum) claims 1-4 and nine publications, since
Si concentration of the surface which a Si+aluminum content combines with the minute amount oxygen
in carburization gas under by 0.5wt(s).% at the time of carburization processing is low, as a result of the
above-mentioned minute amount oxygen's invading to the deep part of gearing half-finished products
and a grain boundary oxidizing zone's becoming remarkably deep, cause the fall of deddendum fatigue
strength. On the other hand, if a Si+aluminum content exceeds 2.6wt(s).%, the detergency and toughness
of steel materials will begin to fall. Therefore, the Si+aluminum content should be limited within the
limits of 0.5 - 2.6wt.%. On the other hand, since Si content is more than 0.50wt(s).% in invention claims
5-8 and given in ten, lower limit limitation of a Si+aluminum content is unnecessary. Moreover,

- although it is desirable for a Si+aluminum content to be below 2.6wt(s).%, in order to plan, it does not
make to take the large permissible level of the detergency of steel materials, and toughness to a low eye
* side into an indispensable condition.

[0029] (5) Manganese (Mn) manganese raises hardenability and needs making it contain more than
0.20wt.%, in order to be an element effective in securing the reinforcement of a gearing core part and to
- demonstrate the operation. However, since manganese has the operation which reduces an Ac3
transformation point greatly, if the content becomes abundant exceeding 2.50wt(s).%, the two phase
organization of martensite and a ferrite is not only no longer obtained, but a degree of hardness will
become high too much, and it will cause degradation of machinability. Therefore, the manganese
content should be limited within the limits of 0.20 - 2.50wt.%.

[0030] (6) Chromium (Cr) chromium is an element effective in raising hardenability like manganese,
and in order it to demonstrate the operation, it needs making it contain more than 0.01 wt.%. However,
since chromium has the operation which reduces an Ac3 transformation point like manganese, if the
content becomes abundant exceeding 2.50 wt.%, the two phase organization of martensite and a ferrite is
not only no longer obtained, but a degree of hardness will become high too much, and it will cause
degradation of machinability. Therefore, the chromium content should be limited within the limits of
0.01 - 2.50 wt.%.

[0031] (7) In invention of molybdenum (Mo) claims 1-4 and nine publications, it is an element
molybdenum raises an Ac3 transformation point, it is [ molybdenum ] effective in ferrite generation it,
and still more effective in raising hardenability, resistance-to-temper-softening nature, toughness, and
fatigue strength, and in order to demonstrate the operation, it is required to make it contain more than
0.01 wt.%. However, molybdenum is a very expensive element, and even if the content adds exceeding
0.70 wt.%, the above-mentioned effectiveness is saturated and causes economical disadvantage.
Therefore, the molybdenum content should be limited within the limits of 0.01 - 0.70 wt.%.

[0032] (8) In invention of nickel (nickel) claims 1-4 and nine publications, nickel is an element effective
in raising hardenability and toughness, and in order it to demonstrate the operation, it needs making it
contain more than 0.01 wt.%. However, a nickel content is 2.0. If it becomes abundant exceeding wt.%,
when a degree of hardness will become high too much and machinability will deteriorate, since nickel is
an expensive element, it causes economical disadvantage. Therefore, it is a nickel content 0.01-2.0 It
should limit within the limits of wt.%. :

[0033] (9) It raises an Ac3 transformation point like molybdenum, and is effective in ferrite generation,
and is an element effective in increasing resistance to temper softening, raising field fatigue strength,
and raising toughness and deddendum fatigue strength further, and in order for a tungsten (W) tungsten
to demonstrate the operation, it needs making it contain more than 0.01 wt.%. However, a tungsten is
also an expensive element, and even if the content adds exceeding 0.70 wt.%, economical disadvantage
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is invited considering effectiveness. Therefore, the tungsten content should be limited within the limits
of 0.01 - 0.70 wt.%. In addition, when using a tungsten and molybdenum together and adding, as for the
total amount, carrying out to below 0.70 wt.% is desirable. 0.70 When exceeding wt.%, carburization
hardening distortion becomes large and is not desirable.

- [0034] (10) Its operation which raises an Ac3 transformation point is large, and in order vanadium (V )
vanadium raises hardenability, raises deddendum_ fatigue strength, increases resistance to temper
softening, is an element effective in raising field fatigue strength, and generates carbon nitride, makes
crystal grain make it detailed, has the operation which suppresses hardening distortion small and to
demonstrate the Operatlon it needs making it contain more than 0.01 wt.%. However, a vanadium

_content is 1.0. If wt.% is exceeded, the effectiveness will be saturated, the amount of about [ causing
economical dlsadva.ntage ] and carbon nitride will increase, and the fall of toughness will be caused.
Therefore, it is a vanadium content 0.01-1.0 It should limit within the limits of wt.%.

[0035] (11) Titanium (Ti) titanium is also a ferrite formation element, the operation which raises an Ac3
transformation point is large, and in order to be an element effective in make austenite crystal grain
detailed, and to raise the yield strength inside the carburization section and a gear tooth, to have the
operation which contributes to improvement in fatigue strength and to demonstrate the effectiveness, it
is required to make it contain more than 0.005wt.%. However, if a titanium content exceeds 1.0wt(s).%,
the effectiveness will be saturated, the amount of about [ causing economical disadvantage ] and carbon
nitride will increase too much, and the fall of toughness will be caused. Therefore, the titanium content
should be limited within the limits of 0.005 - 1.0wt.%.

[0036] (12) It is an element effective in niobium (Nb) niobium making austenite crystal grain detailed,
and in order to demonstrate the operation, it is required to make it contain more than 0.005wt(s).%.

_However, a niobium content If 0.50wt. % is exceeded, the effectiveness will be saturated, the amount of
about [ causing economical disadvantage ] and carbon nitride will increase, and the fall of toughness
will be caused. Therefore, the niobium content should be limited within the limits of 0.005 - 0.50wt. %.
[0037] (13) It is an element effective in making austenite crystal grain detailed like [ a zirconium (Zr)
zirconium ] titanium and niobium, and in order to demonstrate the operation, it is required to make it

" contain more than 0.005wt(s).%. However, if a zirconium content exceeds 0.50wt(s). %, the

effectiveness will be saturated, the amount of about [ causing economical dlsadvantage ] and carbon

nitride will increase, and the fall of toughness will be caused. Therefore, the zirconium content should -
be limited within the limits of 0.005 - 0.50 wt.%.

[0038] In addition, in this invention steel, the lower possible one of P, Cu, and O content as an

unescapable impurity is desirable. Moreover, N is the purpose which makes crystal grain make it

detailed, and addition is allowed to 0.20wt. % if needed. Moreover, in order to raise machinability, free-
cutting elements, such as S, Pb, calcium, and Se, may be made to contain if needed.

[0039] (14) Three Ac(s) parameter: The example of a heat treatment pattern in the carburization

processing by the conventional conventional method is shown in drawing 6 . After carburizing the steel

materials for gearings at 920 degrees C and making the interior of steel diffuse carbon, in order to
reduce distortion, from carburization temperature, it holds at 850 degrees C of low temperature, and,
subsequently hardens by quenching in oil etc. Therefore, following (1) of the steel materials for gearings

Under by 850 **, even if three Ac(s) parameter computed by the formula holds at 850 degrees C after

carburization, it cannot secure a ferrite into an austenite. On the other hand, if the three above-mentioned

Ac parameter exceeds 960 **, the ferrite content in an austenite becomes superfluous and the

reinforcement of a gearing core part runs short. Therefore, following (1) of this invention steel Formula:

Ac3 =920-203 rootC+44.7Si+31.5Mo-30Mn-11Cr+40aluminum-15.2nickel+13.1 W+104V+40Ti --------

---- (1) Three Ac(s) parameter computed should be limited within the limits of 850 - 960 **.

[0040] (15) Ideal critical diameter (DI) : ideal critical diameter (DI) It is a value showing the

hardenability of steel. There are eight austenite grain-size numbers of the steel-materials product

generally demanded when steel materials are used as a steel-materials product, and they are the same
also in a carburization hardening gearing. In order to secure desired fatigue strength Ideal critical _
diameter of steel materials in case there are eight austenite grain-size numbers (DI) Following (2) which
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is a formula Formula: DI =7.95 rootC (1+2.16Cr) (1+3.0Mo) (1+0.36nickel) (1+5.0V) (1+0.70Si)
(1+3.3Mn) --=--=neeume (2) Ideal critical diameter computed (DI) A value needs that it is 30mm or more.
On the other hand, it is the above-mentioned ideal critical diameter. (DI) A value is 250mm. If it
exceeds, the absorption effect [ martensite / by the ferrite intermingled in an austenite texture ] of
transformation distortion will be lost, and hardening distortion will become large. Therefore, it is the
above (2), using an austenite grain-size number as No. 8. Ideal critical diameter computed by the
formula (DI) The value should limit a gearing's chemical entity presentation so that it may become
within the limits of 30 - 250 mm. And in order to make hardening distortion still smaller, it is 30-150mm
about the value. Limiting to within the limits is desirable. In addition, since the multiplier of the right-
hand side of the above-mentioned (2) formula becomes settled according to the grain-size number when
an austenite grain-size number is except No. 8, a gearing's chemical entity presentation should be limited
so that the calculation value using the formula of DI according to an austenite grain-size number may
become within limits mentioned above.
[0041] Carburization temperature over steel matenals should be made the temperature which can
perform carburization processing easily and efficiently about carburization hardening temperature next.
At less than 850 degrees C, carburization temperature has the slow diffusion rate of C, and takes long
duration to obtain the desired carburization depth If carburization temperature exceeds 1000 degrees C,
as a result of being easy to make crystal grain big and rough and oxidation on the front face of steel
materials becoming remarkable on the other hand, a field fatigue property falls. Therefore, carburization
temperature should be limited within the limits of 850-1000 degrees C.
[0042] The hardening temperature performed after carburization processing takes long duration to
reduce the coke oven temperature of the above-mentioned carburization furnace to the temperature at
less than 800 degrees C. On the other hand, if hardening temperature exceeds 950 degrees C, it will
. become difficult to secure ferrite area % in the martensitic structure obtained after hardening to a desired
value, and the amount of hardening distortion will also become large. Therefore, hardening temperature
should be limited within the limits of 800-950 degrees C.
[0043] Organization inside a gear tooth (organization of the non-carburizing section) The ferrite content
of the organization inside the gear tooth which is the non-carburizing section after carburization
hardening / annealing cannot fully absorb the transformation distortion of martensite at less than 10%
about a ferrite content, and the amount of hardening distortion cannot be controlled small. On the other
hand, if the above-mentioned ferrite content exceeds 70%, it will become difficult to secure desired
reinforcement and desired toughness in the interior of a gear tooth. Therefore, the ferrite content of the
organization inside a gear tooth should be limited to 10 - 70% of within the limits. In addition,
_martensite may contain a part of retained austenite and/or bainite at this time.
[0044]
[Example] Next, this invention is explained while an example contrasts w1th the example of a
comparison.
It reaches [example 1] claim 1-4, and the example of this invention corresponding to 9 is explained. the
conditions (a chemical entity presentation and three Ac(s) parameter --) of this invention shown in
Tables 1 and 2 In this invention steel No.1-15 and the list which are within the limits of ferrite area % of
an ideal critical diameter (DI), carburization temperature, hardening temperature, and the non-
carburizing section after carburization hardening / annealing The ingot for sample offering steel of
No.16-23 of companson steel and conventional steel No.24-27 which are the condmons of this
invention shown in Table 3 and 4 out of range was prepared.
[0045]
[Table 1]
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[0049] Comparison steel No.16 There are many Cr contents across the range of this invention, and three
Ac(s) parameter is lower than the range of this invention. Steel with a larger ideal critical diameter (DI)
than this invention, and comparison steel No.17 C, Three Ac(s) parameter is [ there are few Mn contents
than the range of this invention, and / many Si contents ] and is higher than the range of this invention.
Steel with an ideal critical diameter (DI) smaller than this invention, and comparison steel No.18
aluminum and Mn content exceed the range of this invention. Many steel, Comparison steel No.19 C
content exceeds the range of this invention, and it is many steel and comparison steel No.20. Mo content
exceeds the range of this invention. Many steel, Comparison steel No.21 There are many nickel and Ti
contents across the range of this invention. Steel with three Ac(s) parameter lower than the range of this
invention, and comparison steel No.22 W and Nb content are [ V and Zr contents of many steel and
comparison steel No.23 ] many steel across the range of this invention across the range of this invention.

[0050] the JIS steel type of the former [ 27 / conventional steel No.24 -] -- it is -- conventional steel
No.24 JIS SMnC420 -- it is -- conventional steel No.26 JIS SCM420 -- it is -- conventional steel No.27
JIS SNCM420 it is -- conventional steel No.25 It is JIS SCM435, and Si content and three Ac(s)
parameter separate from the range of this invention, and all are little steel.
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[0051] It reaches [example 2] claim 5-8, and the example of this invention correspondingto 10 is

explained. The ingot for sample offering steel of No.216-218 of comparison steel and conventional steel

No.224-227 which are the conditions of this invention shown in Tables 6 and 7 at this invention steel

No.201-208 which are within the limits of the conditions (chemical entity presentation, three Ac(s)

parameter, ideal critical diameter (DI), carburization temperature, hardening temperature, and ferrite

area [ of the non-carburizing section after carburization hardening / annealing ] %) of this invention
.shown in Table 5, and a list out of range was prepared. :

[0052]
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[0053]
[Table 6]
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[Table 7]
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[0055) Comparison steel No.216 have many Cr contents across the range of this invention. Three Ac(s)
parameter at less than 850 degrees C Also as for an ideal critical diameter (DI), large steel and
comparison steel No.217 have few C contents across the range of this invention than the range of this
invention. There is much Si across the range of this invention, steel also with a small ideal critical
diameter (DI) with as high and three Ac(s) parameter as 965 ** and comparison steel No.218 have many
Mn contents across the range of this invention, and an ideal critical diameter (DI) is also large steel
across the range of this invention. '

[0056] the JIS steel type of the former [ 227 / conventional steel No.224-] -- it is -- conventional steel
No.224 -- JIS SMnC420 it is -- conventional steel No0.225 -- JIS SCM420 -- it is -- conventional steel
No0.226 -- JIS SNCM420 it is -- conventional steel No.227 are JIS SCM435, and Si content and three Ac
(s) parameter separate all from the range of this invention, and they are low steel.

'[0057] The ingot of steel was hot-rolled this invention steel of examples 1 and 2, comparison steel, and
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G

conventionally, round bar steel with a diameter of 20-90mm was prepared, and normalizing processing
was performed to the obtained round bar steel. From the round bar steel after normalizing processing,
the hardening distortion test piece and the fatigue test specimen were extracted. After performing
cmbuwmwmmwthe amount of carburization hardening
distortiom; the rotation bending fatigue property, and the gearing fatigue property were examined.
Furthermore, about the 20mm round bar steel after normalizing, after performing carburization
hardening and annealing, the test piece for tensile test and the impact test specimen were extracted, and
reinforcement and toughness were examined. In addition, all the holding times in hardening temperature
carried out oil-quenching by 0.5Hr(s), and all annealmg was performed by 160 degree-CxZHr Each test
method is as follows. T —

[0058] (1) The amount of carburization hardening distortion : the navy C test plece was prepared from
round bar steel with a diameter of 65mm. The front view of a navy C test piece is shown in drawing 1

and the side elevation is shown in drawing 2 . The navy C test piece 1 has opening 2 and the circle
configuration space 3 on a disc-like object, as shown in both drawings, and the dimension of each part
of a test piece is as follows.

Test-piece (Diameter a): 60mm, thickness (b):12mm, (diameter c):34.8mm of circle configuration space,
opening (spacing d):6 mm, a test piece core and (distance p):10.2mm based on opening circles.

[0059] Measurement of the amount of distortion after carburization hardening / annealing was
performed by measuring the rate of change before and behind carburization hardening of opening
spacing of a navy C test piece. It is processed into a gearing using the steel materials for gearings in
which a big distortion to which the amount of distortion after carburization hardening / annealing by the -
navy C test piece exceeds 1.0 % is shown, and deformation big when carburization hardening and
annealing are carried out can produce this, profile modification processing must be carried out by
machine grinding, and machine grinding cannot be omitted. It is required for the amount of distortion
after carburization hardening / annealing in a navy C test piece to be below 1.0 %, in order not to
perform profile modification grinding but to make use possible as a gearing with carburization
hardening and annealing, and in order to be able to use it, without performing profile modification
gnndmg irrespective of a geanng s configuration, dimension, etc., it is much more more desirable still
that it is below 0.5 %.

[0060] Ten navy C test pieces 1 per each sample offering steel of the above-mentioned configuration
were produced, it carburized and hardened to this test piece 1, and subsequently, after carrying out
temper, the rate of change before and behind carburization hardening / annealing of opening spacing (d)
of this test piece was measured, and this value was defined as the amount of carburization hardening
distortion. An average value with n= 10 tria] repeats and its variation show the test result of the amount
of carburization hardening distortion. The test result of an example 2 is shown in Tables 8-11 in the test
- result of an example 1, and Tables 12-14. In addition, other following test results are shown in this table.

[0061]
[Table 8]
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[0063]
[Table 10]
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[Table 11]
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[Table 12]
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[0066]
Table 13]
R TEE [ g [ e | B g
N |®Y [mrd | (ea) | (un) | (oo (Nm) (N/m® | (J/ea®
" 216 1.91 | o0.28 2 1 0.93 780 385 L] 1320 74
g 217 o 0 5 3 0.50 660 275 #b 870 35
218| 1.10 | o0.09 8 4 1.05 680 - 260 #0| 1250 %7
[0067]
[Table 14] ,
S e B 1 (B E [ 5] B
Mo | B | 594 (um) (zw) | (am) -, (Nm) (N/mx?) | (J/cn®)
224 | 2.35 | 0.65 15 | 14 0.56 | 680 280 =) 990 85
g 225| 2.75 | 0.72 o | 18 0.62 685 280 #H 1085 88
| 226| 2.60 | 0.70 15 13 0.58 715 300 #D 970 80
227 8.40 | 1.10 16 15 0.83 735 810 ' | 185 38

[0068] (2) Ferrite area %: of the non-carburizing section, next a test piece [ finishing / the amount
measureiment of carburization hardening distortion ] were used, ferrite area % of the ferrite-martensite
two phase organization of the non-carburizing section after carburization hardening / annealing of each
sample offering steel was measured by the speculum trial, it was deﬁned as ferrite area [ inside a gear
tooth ] %, and the measurement result was shown.

[0069] Rotation bending fatigue property : (3) Extract a test piece with a parallel part diameter of 10mm
from round bar steel with a diameter of 20mm. Prepare the rotation bending fatigue test specimen which
attached notching (stress concentration factor alpha= 1.8) with a depth [ of this and the direction of a
right angle ] of 1mm to the parallel part over all peripheries, and on the same conditions as having given
to the navy C test piece to this test piece shot-peening processing after performing carburization
hardening / tempering processing (it mmA(s) arc height: -- 0.6 --)
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